The health needs of the population are catered to by several sorts of practitioners. These include allopathic, homeopathic, ayurvedic, unani and folk medicinal practitioners (the last three groups being considered as practitioners of traditional medicine). Folk medicine is widely practiced in Bangladesh. Folk medicinal healers are known as kavirajes or vaidyas. Two to three kavirajes on average practice in every village administering medicinal plant treatments, fulfilling the primary health-care needs of a large segment of both rural and urban populations. In fact, a survey report concluded that 39% of rural community members have knowledge about medicinal plants and 13% treat simple ailments with herbs (Khan & Chowdhury 2002) . Bangladesh has about 5000 plant species out of which it has been conservatively estimated We conducted a systematic ethnomedicinal survey of Bangladesh over [2008] [2009] . This survey included the various tribes as well as non-tribal folk medicinal practitioners, who are upazilla-based (Hossan et al. 2009 , Nawaz et al. 2009 ). During the course of this survey, it was observed that the medicinal plants used by the kavirajes of adjoining upazillas, and often even adjoining villages, to treat any particular ailment differ widely. Even though the same medicinal plant is found in adjoining localities, for treatment, different plants are used. Alternately, the same medicinal plant may be used in adjoining areas to treat different ailments. Etkin (1993) has indicated that even within small and apparently undifferentiated groups, heterogeneity exists about perception of illness and mode of treatment. The same has been noted by Shepard (2004) who demonstrated that the ethnobotany of two neighboring Amazonian peoples varies considerably in the use of essentially the same environment. This raises the question as to how do the kavirajes of Bangladesh select medicinal plants for treatment of any ailment? This is an important ethnomedicinal question to which, to our knowledge no definitive answer is yet to be found. This question is further important from the view point that an understanding of how and why medicinal plants are selected by traditional medicinal healers can lead the way towards a better linking between traditional knowledge with biomedical science (Berlin & Berlin 1994 , Browner et al. 1988 . We conducted surveys among kavirajes of two upazillas each in three districts of Bangladesh (Bagerhat, Brahmanbaria, and Rajshahi ( Figure 1 ) in order to address the above question.
Material and Methods

Mode of information collection
Interviews of the folk medicinal healers were conducted using a semi-structured questionnaire. In a preliminary survey, the kavirajes of the surveyed areas were asked about ailments they commonly treat. On the basis of their answers, we prepared a list of 54 ailments or disorders, which were most commonly treated. Inquiries were subsequently made about the plants, plant parts or plant combinations used to treat those ailments. The basic method followed was one of guided field work (Martin 1995 , Maundu 1995 . Healers were taken during daytime on field trips to areas from where they usually collected plants, while at the same time questions were asked and information noted. Information collected from the kavirajes consisted of medicinal plants or plant parts used, ailments treated, formulations, dosages and side-effects, if any. Information was also collected about whether combinations of plants were used to treat any particular ailment or if any single plant was used to treat multiple ailments.
The information was noted down during daytime interviews and later cross-checked with the same individuals in evening or night-time meetings. Evening or night-time meetings were usually conducted in the presence of the healers, village elders and any other interested local persons (usually 10-15 people altogether). Informed consent was obtained from every healer prior to the interview. No intellectual property right agreement with individual healers was signed; however, it was agreed that if ever any financial benefits were obtained by us as a result of this information, the benefits would be distributed among the healers. Interviews were conducted in the Bangla (Bengali) language, which apart from the tribal people is spoken throughout Bangladesh.
Plant specimens were photographed as well as collected, pressed and dried in the field. Local names of the plants were obtained from the informant and double-checked with other members of the community, who professed to know the plant names with accuracy (on average three persons). Plant specimens were identified at the Bangladesh National Herbarium, Dhaka (DACB), where voucher specimens were deposited.
Location of sites and selection of kavirajes or vaidyas
Three districts were selected, Bagerhat, Brahmanbaria, and Rajshahi, on the basis of their locations in southwestern, east-central and north-western Bangladesh. It was felt that cumulatively, the locations of these three districts could give an overall picture ranging from the north to the south of the country. Two upazillas were selected in each district (Figure 1 ). Within each upazilla, the survey was conducted with kavirajes of the upazilla or union headquarter and/or adjoining villages: i.e., Bagerhat Sadar and adjoining areas of Bagerhat Sadar Upazilla; Rampal and adjoining areas of Rampal Upazilla; Shohagpur and Aabidpara villages (adjoining the upazilla headquarter Ashuganj) of Ashuganj Upazilla; Brahmanbaria Sadar and adjoining areas of Brahmanbaria Sadar Upazilla; Bagha and Puthia along with adjoining areas of Bagha and Putia Upazillas in Rajshahi district. It should be pointed out in this regard, that upazilla/union headquarters are basically villages with a few houses present (serving as various government offices) and can scarcely be identified as towns.
The total number of kavirajes selected in the six upazillas was 24. Four kavirajes were selected in Bagerhat Sadar and two in Rampal Upazilla. Two kavirajes were selected from Ashuganj Upazilla, and one from Brahmanbaria Sadar Upazilla. Seven kavirajes were selected in Bagha Upazilla, and eight in Puthia Upazilla. The selections were made on the basis of local assessment about the treatment offered by the kavirajes. Fifty to one hundred persons in each area were asked about which kavirajes they visited for treatment of ailments during the past six months Kavirajes who received the highest ratings per patient satisfaction were chosen for the survey. Following selection of kavirajes of any particular upazilla, all of the selected kavirajes of that upazilla was interviewed as a group instead of one-on-one interviews.
Results and Discussion
Number of plants and ailments or disorders treated by kavirajes of various upazillas 232 species were identified from interviews in three districts and are listed in Table 1 . The kavirajes of Bagerhat Sadar (Bagerhat district) used a total of 49 plants to treat 29 ailments, while the kavirajes of Rampal (Bagerhat district) used 51 plants to treat 31 ailments, out of the list of 54 ailments on which the survey was conducted. Some plants were used to treat multiple ailments. At the same time, a variety of plants (but not in combination) were observed to be used to treat any specific ailment or disorder. In all cases the kavirajes were observed to use a single plant or its parts to treat any ailment and not a combination of plants. The medicinal plants used to treat the various ailments are shown in Table 2 . It was observed that only six plants were commonly used by the kavirajes of (Table 3) . Of the plants used by the kavirajes in the two upazillas of Brahmanbaria, only 9 instances with 6 species were found to be common, i.e. the same species were used to treat the same ailment or disorder. (Table 4) shows that the kavirajes of Bagha Upazilla used 49 plants for treatment of 26 ailments, while in Puthia Upazilla 99 plants were used to treat 39 ailments. Of the plants used, only 4 plants were observed to be common between the two upazillas of Rajshahi district.
As in the case of the two upazillas of Bagerhat district, the kavirajes of two upazillas each of Brahmanbaria and Rajshahi districts also used the same plant to treat multiple ailments as well as used a variety of plants (but not in combination) to treat the same ailment. There were however, instances, where only a single plant was used to treat a single ailment. Examples of such use are Eclip- ) , Musa acuminata X balbisiana Colla to treat burns (Bagha Upazilla), and Phyllanthus emblica L. to treat anemia (Puthia Upazilla). The mean ± standard deviation (SD) of the number of ailments treated per upazilla was 27.6 ± 7.4, while the mean ± SD of the number of medicinal plants used per upazilla was 59.3 ± 20.1. Of the six upazillas surveyed, only one upazilla, namely Puthia in Rajshahi district showed a higher use of medicinal plants and a higher number of ailments treated as compared to the other five upazillas.
Not all kavirajes of the surveyed areas treated all of the listed 54 ailments or disorders. It is also to be mentioned that the kavirajes were reluctant to provide complete information about formulations, dosages, and side-effects; however, they freely informed us about plants or plant parts used, mode of administration (decoction, maceration, powder, pill) and ailment(s) treated.
Discussion
Intra-district variation of plants used by the kavirajes to treat common ailments or disorders
Tables 2-4 point out the inter-district variations in medicinal plant usage in each of the two upazillas surveyed per district. Table 5 demonstrates the intra-district varia- tion between uses of medicinal plants. Only 15 instances were observed of the use of same plant to treat same ailment or disorder between kavirajes of Bagerhat versus Brahmanbaria districts; 10 instances between kavirajes of Brahmanbaria versus Rajshahi, and 13 instances between kavirajes of Bagerhat versus Rajshahi. As can be seen from Figure 1 and Table 5 in combination, distance between districts was not a contributing factor between the variations. Thus, although Brahmanbaria district is close to Rajshahi district in terms of distance, there were only 10 instances of same plant use versus 13 instances of same plant usage between Bagerhat and Rajshahi districts, which two districts are at a greater distance from each other. Overall, the survey showed greater variations in the use of medicinal plants than the kavirajes selecting the same plant to treat the same ailment or disorder.
Several conclusions can be drawn from the above observations. The first is that there is a wide variation in the use of medicinal plants for treatment of ailments/disorders among the kavirajes. The second conclusion is that this variation is not confined to kavirajes outside any given area (district), but is occurring within the kavirajes of the same district but different upazillas. The third conclusion is that this variation cannot be explained away by intradistrict variation or availability of medicinal plants, for the variations are occurring on an inter-district basis as well, where the availability of medicinal plants can be regarded to be the same throughout the district.
Analysis of inter-and intra-district variation in the use of medicinal plants
We next analyzed whether the use of any particular medicinal plants was totally unique to each upazilla or district or whether the same medicinal plant is used in different upazillas or districts but for the treatment of a different ailment or disorder. 
Mode of medicinal plant selection by the kavirajes to treat various ailments or disorders
To analyze the reasons behind this inter-and intra-district variation of medicinal plant usage by the kavirajes, we next questioned them about what made them select any particular medicinal plant(s) to treat a specific ailment or disorder. Of the 24 kavirajes interviewed, 2 declined to give any answer. The other 22 kavirajes cited any one or more of seven causes behind their selection of medicinal plants (a total of 30 explanations altogether). They said that knowledge about the medicinal plants were derived from either one or more of these sources: (i) medicinal plant knowledge was passed from generation to generation within the family, (ii) such knowledge was obtained from teachers, who are called by them 'gurus', (iii) this knowledge was obtained from reading available folk medicinal books, (iv) the knowledge was garnered by experimenting initially with animals or poultry and later applied to human beings, (v) knowledge was obtained in dreams, (vii) selection of medicinal plants to treat any particular ailment of the human body was made on any perceived similarity between plant or plant parts and the particular part of the human body suffering from the ailment.
With the exception of three kavirajes, 19 kavirajes gave only one reason behind their selection of plants to treat ailments. Two kavirajes gave three reasons each, and one kaviraj gave four reasons. The maximum number of kavirajes (11) claimed that the medicinal plant knowledge came from their 'gurus', followed by 8 kavirajes, who claimed that the medicinal knowledge has been preserved within the immediate family for generations and passed from one generation to another. Four kavirajes said that in addition to other reasons, they also dreamed of selected medicinal plants, and an equal number claimed to have acquired the knowledge from reading books. Two kavirajes based at least part of their selections through initial experiments on animals (cats, dogs and cattle) and poultry, and one kaviraj based at least part of his selection by what he claimed as similarity between plant or plant parts and human body parts.
If generational knowledge is combined with knowledge obtained from 'gurus' and knowledge obtained from folk medicinal books, it follows that out of the total of 30 explanations given by 22 kavirajes, 23 have to deal with some teacher in the form of a 'guru' (11), elder family member(s) (8) or author(s) of folk medicinal books (4). Thus the question still remains as to what formed the original basis of selection of any particular medicinal plant by these teachers to treat any specific ailment. Since these teachers cannot be questioned any more (they being long dead), we are left with the three remaining modes of selection, that is these teachers in their times in some distant or immediate past experimented with medicinal plants on animals and poultry, or dreamed of those plants, or perceived some sort of similarity between plant, plant parts and human structural features.
Similar forms of learning about traditional remedies have been reported from elsewhere in the world. The Kamba and Luo tribal traditional medicinal practitioners of Kenya have been reported as owing their healing skills to training by knowledgeable kin, spirit inspiration (with which they converse through dreams), or buying such knowledge from a non-relative specialist (Owuor & Kisangau 2006) . The Iroquois Indians have been reported to be more prone to use plants, which appear to them totally or partially of human form (Moerman 2007) .
Our observation of the inter-and intra-district diversity of medicinal plants to treat ailments by the kavirajes of three districts of Bangladesh would run contrary to common thinking or logic. It cannot be claimed that the observed differences of medicinal plant use in the present study are emic (i.e., culture-specific) for the cultural pattern is quite homogenous within the population of the various upazillas and certainly more so among adjoining upazillas of any given district. One would assume that even if there had been any emic differences, cross-cultural and cross-border linkages might have provided for rapid communication of the efficacy of any medicinal plant and thus a consensus would be quickly achieved and the same plant (provided it serves the purpose) would be used to treat any specific ailment. On the contrary, our results show that the kavirajes of Bangladesh are more noted for their diversity of use. The answer to this diversity of use remains unknown, but one possible answer may be that each individual kaviraj or kavirajes of a particular area (i.e., a number of kavirajes acting as a group and who may be disciples of the same 'guru') tend to keep the medicinal knowledge as much as possible to themselves. A second point to consider is that quite obviously the selection of any medicinal plant is always an ongoing process (Caniago & Siebert 1998 , Garro 1986 , Trotter & Logan 1986 . In the present survey it was mentioned by two kavirajes that experiments are conducted by them involving plants and human, cattle or poultry subjects. Thus if any kaviraj finds out the efficacy of any particular plant, the tendency would be to keep the knowledge to himself so that he can have a better "edge" over other kavirajes in the area.
Plant taste, for example bitterness, has been proposed to be a common factor behind choice of plants by traditional medicinal healers in various continents (Johns 1990) . Bitter plants are usually richer in alkaloids and so have the potential to have considerable medicinal value (Johns 1990 , Rodrigues et al. 1976 , Schmeda-Hirschmann & Bordas 1990 . Among the folk medicinal healers of Bangladesh, there is certainly a tendency to use bitter tasting plants or plant parts, but they are used primarily to treat diabetes (M. Rahmatullah, unpublished observations). The ayurvedic system of traditional medicine in Bangladesh and India utilizes plants based on its pungent, bitter, sour, sweet or astringent taste, but this system is not followed by the folk medicinal healers of Bangladesh. Another factor to be considered is whether a plant is perceived to be hot or cold. Such a system is followed by the unani traditional medicinal system of Bangladesh, India and Pakistan, but once again not by the folk medicinal healers of Bangladesh. If it had been followed then it would have re-sulted in greater consensus among the kavirajes for using the same plant species, which was not what has been observed in the present survey.
Notwithstanding the diversity of medicinal plants used in the various upazillas surveyed, one thing was common in all upazillas, namely the more frequent use of plants, which can be classified as weeds. Bangladesh is highly deforested, which has led to secondary growth in the deforested regions. Voeks (1996) found that healers along the Atlantic coastal tropical forest of Brazil overwhelmingly preferred secondary forest and disturbed habitats (which had a preponderance for weeds). Similar results had been reported by Posey (1984) with the Kayapó in the Brazilian Amazon, and by Stepp and Moerman (2001) for the Highland Mayas in Chiapas, Mexico. Although weeds forms one of the principal répertoire of kavirajes in Bangladesh, the diversity of weed use in various upazillas suggest that other factors are in play behind choice of weeds by different upazilla kavirajes, for the same weeds can be observed growing in adjoining upazillas.
Conclusion
Taken together, our results indicate that a primary factor behind the diversity of medicinal plant use by the kavirajes of different upazillas may be the result of by-gone or on-going experimentation by the kavirajes of any particular medicinal plant's efficacy. Once an efficacious plant is found, the kaviraj tends to keep the knowledge within the immediate family or disciples. This has led over time to a greater diversification of medicinal plant selection between kavirajes of adjoining upazillas than would be dictated by simple logic of cross-border linkages and dissemination of information. A similar explanation has been hypothesized by Vandebroek et al. (2003) in their studies of traditional healers' medicinal plant knowledge in the Bolivian Andes and Amazon. The authors hypothesized that a background of extensive family in traditional medicine play an important role in transmission and survival of knowledge on medicinal plants.
Further surveys are being conducted by us at present in more areas of Bangladesh to determine the cause(s) of selection by a kaviraj of any particular plant for treatment of a given ailment. Since this is a first-time study of its kind in Bangladesh (to our knowledge), we believe that any answers found can greatly advance our knowledge of ethnopharmacological practices of the region.
